Introduction
There is currently great controversy surrounding the pharmacotherapy of attention-deficit-hyperactivity disorder (ADHD) in Canada. This has been highlighted by black box warnings, by the government of Canada, relating to the cardiovascular safety and risk of sudden unexplained death in children, 1 psychological and physical dependency in people with substance and alcohol problems, and risk of suicidal thoughts and behaviours 2 of these medications, underlining the importance of monitoring the prevalence and incidence of treatment. There is a growing interest in the potential of big data as monitoring tools for disease surveillance as well as to inform health policy. 3, 4 Until recently, variability in data coding has limited comparisons across jurisdictions, 3 although the Public Health Agency of Canada's (PHAC's) Chronic Diseases Surveillance System (CDSS) has shown it is possible to establish standardised case definitions for psychiatric disorders. 5, 6 ADHD is a common neurodevelopmental disorder in children and adults characterised by inattention, hyperactivity, and impulsivity. 7 In a systematic review, Polanczyk et al. 8 reported, with important regional variations, a worldwide pooled estimate reaching 5.3%. In the United States, the prevalence of parent-reported child ADHD was as high as 11 .0% in those aged between 4 and 17 years. 9 In Canada, data from the National Longitudinal Survey on Children and Youth in children aged 3 to 9 years showed a prevalence of ADHD reaching 2.6% in 2006-2007. 10 Data from the Canadian Community Health Survey showed a prevalence of ADHD reaching 2.7% in adults aged 20 years and older. 11 In reviewing electronic primary medical records of family physicians in Ontario, Hauck et al. 12 reported a prevalence of ADHD reaching 5.4% in patients aged 1 to 24 years. An earlier study in Manitoba, based on administrative physician and prescription claims data in 1995-1996, reported a prevalence of childhood ADHD reaching 1.5%. 13 Follow-up studies have shown that the majority (60%-85%) of children with ADHD continue to meet criteria for the disorder during their teenage years. 14, 15 A meta-analysis reported that 65% of persons with childhood ADHD remained symptomatic in early adulthood, with 15% having significant limitations. 16 The treatment prevalence of ADHD varies both within and between countries, as well as over time. 8, 17 In Canada, data from the IMS Brogan databases between 2005 and 2009 showed an increase of 36% in the prescription of psychostimulants in children. 18 Unfortunately, population-level data on medication use in Canada are not easily linked to specific diagnoses. In the study by Brault and Lacourse, 10 the prevalence of prescribed medications for ADHD in 2006-2007 was estimated to reach 1.1%. The chart review by Hauck et al. 12 showed that 70% of youth with ADHD were prescribed either a stimulant or nonstimulant. Of these youth with ADHD, 20%, 12%, and 5% were prescribed an antidepressant, an antipsychotic, and a benzodiazepine, respectively. In the study by Brownell and Yogendran, 13 0.9% of Manitoba children were prescribed a stimulant, of whom 80% also had a physician diagnosis of ADHD. In Australia, the number of prescriptions for psychostimulants is 75 times higher in the area with the highest rate compared to the area with the lowest rate. 19 These differences may partly be due to variations in clinical practice guidelines between countries and jurisdictions as well as methodological definitions. These differences may also in part be due to the validity of the diagnostic codes used and differences in data analysis, underlining the necessity that all studies employing routinely collected data use the Reporting of Studies Conducted Using Observational Routinely-Collected Health Data (RECORD) statement. 4, 20 However, given the wide range, the absence of a standardised recording system is unlikely to be the sole explanation.
For timely health system evaluation, routine epidemiologic data need to be available to inform health policies and resource allocation equitably to meet the needs of Canadian children. As underlined by Visser et al., 21 describing temporal changes in the epidemiology of ADHD from available population-based data sets can inform on population service use and needs. The main objective of this article was to report the yearly prevalence and incidence (1999-2012) of physician-diagnosed ADHD in 4 Canadian provinces (Manitoba, Ontario, Quebec, and Nova Scotia). We specifically investigated whether estimates would be comparable across the 4 provinces and groups by age and sex. A secondary objective was to report the diagnosed incidence of ADHD by physician specialty (paediatrician, family physician/general practitioner, and psychiatrist). We used Canadian CDSS databases, including provincial hospital and physician claims data, and followed the guidelines from the RECORD statement. 20 
Methods

Study Population and Provincial Data Sources
The study population consisted of children (1-17 years) and young adults (18-24 years), who were residents of each province and eligible for coverage under the appropriate provincial health plan and who received a primary diagnosis of a mental disorder between 1999 and 2012. In each province, we captured data from physician billings data, including dates of service, diagnosis, and specialty of the physician seen. Data on inpatient health service use came from hospital discharge data (Med-Echo in Quebec, the Canadian Institute of Health Information [CIHI] Discharge Abstract Database in the 3 other provinces, plus the Ontario Mental Health Reporting System [OMHRS] in Ontario), including separation and admission dates and diagnoses. Diagnostic information in Med-Echo and CIHI-DAD was coded using ICD-9 prior to 2006 and 2002, respectively, and ICD-10 afterwards.
Provinces in Canada have a universal health care and physician fee-for-service system. With the exception of services rendered by salaried physicians, almost all contacts between residents and physicians are captured in provincial physician file claims for reimbursement databases. In Canada, although 11% of physicians are salaried, they report through shadow billing their consultations and medical acts provided, which represents 10% of total fee for service. 22 
Case Definition
To be considered as having a diagnosis of ADHD, individuals must have had at least 1 visit or hospitalisation within a given year with the following primary diagnoses: 314 for ICD-9 or the equivalent ICD-10 code (F90.x). This definition did not include secondary diagnoses or health contacts within schools. Physician diagnoses could be made by general practitioners, paediatricians, psychiatrists, or other specialists.
A case would be defined as incident and recorded once during the study period to avoid double counting. 
Analyses
Incidence and prevalence were calculated yearly for fiscal years between 1999 and 2012 for Manitoba, Ontario, and Quebec and 2011 for Nova Scotia. A fiscal year started April 1 and ended on March 31. The annual prevalence of ADHD referred to the proportion of persons aged 24 years or younger who had received a primary diagnosis of ADHD in a given year. The annual incidence of ADHD referred to the proportion of new cases of ADHD diagnosed during the year who had never previously received a diagnosis of ADHD. Rates were standardised according to the Canadian population age structure in 1991 considering the following age bands: 1-4, 5-9, 10-14, 15-17, and 18-24. Estimates are presented with their 95% confidence interval (CI). Nonoverlapping 95% CIs were interpreted as estimates being statistically different.
Ethics
The project was approved by the Montreal Mental Health University Institute. In all provinces, the data repository agency had clearance from the provincial data privacy agency to use appropriate case definitions for surveillance and research purposes, providing only aggregated data with rules of disclosure similar to those used by the Canadian CDSS of the PHAC.
Results
The overall annual age-standardised prevalence of ADHD per 1000 population for those aged between 1 and 17 years increased from 1999 to [2011] [2012] When looking at the annual prevalence estimates by province, the data showed the following. In Manitoba, the prevalence increased in 2001-2002, 2002-2003, 2006-2007, 2007-2008 , with rates stabilising thereafter. In Quebec, the data showed a significant increase in prevalence each year reported from 1999-2000 to 2011-2012. When stratified by sex, prevalence estimates were significantly higher in boys than girls in the 4 provinces in 1999 to 2011 ( Table 1 ). The data also showed that the prevalence of ADHD was highest in the 5-to 9-year-old and 10-to 14-year-old age groups ( Figure 1 ) across all years (1999-2012).
The overall annual incidence per 1000 of ADHD by reporting province in those aged 1 to 17 years is presented in Figure 2 . Between 1999 and 2012, the results showed an increasing trend of ADHD diagnosis in the provinces of Nova Scotia (7.5 [95% CI, 7.1-7.9] to 9.8 [95% CI, 9.3-10.3]), Manitoba (5.6 [95% CI, 5.3-5.9] to 7.6 [95% CI, 7.3-8.0]), and Quebec (5.2 [95% CI, 5.1-5.4] to 12.0 [95% CI, 11.8-12.2]). This was not observed in Ontario, where the annual incidence per 1000 was 4.6 (95% CI, 4.5-4.6) and 4.4 (95% CI, 4.4-4.5). The annual incidence of ADHD ( Figure  3 ) was higher in boys than girls in all reporting provinces and showed patterns similar to those observed for the annual prevalence. Furthermore, the incidence of diagnosed ADHD was highest in those in the 5-to 9-year and 10-to 14-year age groups across all years (1999-2012) and in every province. Table 2 compares age groups by province in 1999-2000 and 2011-2012.
The data also showed some provincial variations when looking at physician specialty in incident diagnoses. In Nova Scotia, incident diagnoses were primarily made by general practitioners, followed by paediatricians and then psychiatrists in 1999-2000 (65%, 32%, 3%) and 2011-2012 (69%, 27%, 3%). For Ontario and Quebec, the patterns shifted over time. In Ontario, the 1999-2000 diagnoses were primarily by paediatricians (47%) and general practitioners (36%), followed by psychiatrists (17%) and other specialists (<1%), but in 2011-2012, they were made by general practitioners (52%), psychiatrists (24%), paediatricians (23%), and other specialists (<1%). In Quebec, the 1999-2000 diagnoses were primarily by paediatricians (49%), general practitioners (26%), and psychiatrists (14%), followed by other specialists (11%). In 2011-2012, the primary sources of incident ADHD diagnoses were general practitioners (46%) and paediatricians (43%), followed by psychiatrists (8%) and other specialists (3%). Unfortunately, data were not available for Manitoba.
Discussion
In the present study, the latest reported past-year prevalence of diagnosed ADHD for those aged between 1 and 17 years was significantly higher in Nova Scotia (3.8%) and Quebec (3.8%) than it was in Manitoba (2.8%) and Ontario (1.1%). When looking at those aged between 18 and 24 years, the past-year prevalence of ADHD in our study was highest in Nova Scotia (1.7%), followed by Manitoba (0.8%), Quebec (0.7%), and Ontario (0.5%).
Although the prevalence of diagnosed ADHD increased between 1999 and 2012 in all provinces studied, these estimates are lower than earlier population-based child mental 12 showed a prevalence of 5.6% when the presence of ADHD was based on either a physician diagnosis or information sent by the school. Slightly closer to our results are those reported by Brownell and Yogendran, 13 who calculated the prevalence of ADHD at 1.5% when using both physician and prescriptions administrative claims files in Manitoba in 1995-1996. Also similar to our results by age and sex group, the Manitoba data 13 showed higher prevalence estimates, per 100 population, in those aged 4 to 6 years (1.7; 99% CI, 1.5-1.8), 7 to 9 years (2.9; 99% CI, 2.7-3.1), and 10 to 13 years (22.4; 99% CI, 2.1-2.4) than children aged 0 to 3 years (0.5; 99% CI, 0.4-3.1) and 14 years and older (0.8; 99% CI, 0.7-0.9). Higher prevalence estimates were also reported for boys (2.4; 99% CI, 2.3-2.5) than girls (0.6; 99% CI, 0.5-0.7) across all age groups. 13 The increase in prevalence of ADHD observed in this study between 1999 and 2012 was not similar in all provinces studied. Reports in the United States have also found similar increases in treated ADHD reaching over 22% over the past decade 9 with state variations (lowest in the western regions) and gender differences (higher in boys) 19 and health insurance coverage. 9, 24 The province of Quebec posted the highest increase in ADHD, reaching close to 3.5 times the prevalence observed in 1999. Close to a 2-fold increase was also observed in Manitoba and Nova Scotia, with a smaller increase (1.04 times) in Ontario. Comparing the rates observed with Quebec and Ontario's only reliable epidemiological surveys, 25 the diagnosed annual prevalence has almost reached expected prevalence in boys aged 6 to 10 years but not in girls or in older age groups. When looking more closely at the male to female ratios, the ratio ranged from 2.4 to 2.8 in 2010. It was interesting to note that the male to female ratio ranged between 3.7 and 3.9 in 1999. The gap in ADHD diagnosis between boys and girls is getting smaller and may reflect increased identification of ADHD in girls, who more often exhibit symptoms of inattention, which may be more difficult to detect than hyperactivity. [26] [27] [28] [29] In the global burden of disease report, the male to female ratio was closer to 3.9. 29 With regards to the incidence of ADHD, the data showed similar age and sex group distributions in all provinces. With the exception of Ontario, there was also an increasing trend in incidence reported in all provinces. Trends in prescribing in other universal health care systems such as the United Kingdom have shown an increasing trend in ADHD prescriptions in primary care in the past 10 years. Renoux et al., 30 in a cohort of close to 8 million primary care patients aged 6 to 45 years, showed an important increase in ADHD prescriptions since 2000, reaching close to 9 times the rates in 2015. A recent Canadian report also showed close to an 80% increase in ADHD prescriptions in adults between 2009 and 2014. 31 Studies have also shown that prescription rates in males reach 5 times those of females. Furthermore, similar to the provincial diagnostic patterns we observed, access to more recent data from IMS Brogan showed an increase in the per capita number of analeptic prescriptions sold in 2010-2011 and 2011-2012 in Quebec (15.4 and 17.6) , Nova Scotia (8.1 and 9.4), Ontario (7.2 and 7.9) and Manitoba (6.7 and 7.5). 32 In the present study, general practitioners made the diagnosis of ADHD anywhere between 46% and 69% of incident cases observed in 2011 and 2012. This pattern might reflect the explicit guidelines provided to primary care clinicians by the American Academy of Pediatrics (AAP) on the evaluation and treatment options for ADHD and referrals to specialists when other comorbid psychiatric disorders are present such as anxiety and depression. 33 Data from Manitoba on physician specialty were not available for our study. The study by Brownell and Yogendran 13 showed that children in Manitoba were primarily diagnosed by a paediatrician (58%), followed by general practitioners (27%) and psychiatrists (15%), in 1995-1996. When looking at our earliest data in 1999-2000, the data also showed that the majority of cases were diagnosed by paediatricians in Ontario and Quebec, whereas in Nova Scotia, general practitioners were more likely to diagnose cases. These variations in physician specialty in provinces may be due to availability and concentration of physician specialties. 13 The prevalence and incidence estimates of ADHD presented in this article are based on administrative data in only 4 Canadian provinces where physician claims are captured. It would have been interesting to have data on the other provinces as this would have allowed for comparisons across the country. The provinces have publicly managed health care systems with fee-for-service payment schemes where many physicians file claims for reimbursement. With the exception of consultations with salaried physicians, who provide shadow billing, virtually all physician services rendered to residents are captured in all provinces. Administrative databases can therefore be used as monitoring tools providing timely information on health status across populations. When interpreting provincial estimates, however, one has to consider the proportion of salaried physicians in each province and assume similar rates of shadow billing, as well as the reliability and validity of reported diagnoses during consultations with physicians in inpatient and outpatient settings. A recent validation study in 1 province showed that physician payment plans (fee-for-service vs alternate payment plans) did not influence the accuracy of diagnoses reported in administrative databases. 34 This also underlines the fact that health and social service contacts in schools and other community organisations with other professionals are not captured in health administrative data. Assessment of other conditions that are primarily diagnosed at younger ages such as developmental disabilities shows that health administrative data may miss a majority (55%-65%) of individuals experiencing these conditions. 35 That said, using physician-diagnosed ADHD will have missed individuals diagnosed by mental health professionals such as school psychologists and whose parents opt for evidence-based parent and or teacher-administered behavior therapy before considering the use of medication for ADHD. Results from the US National Comorbidity Survey-Adolescent (NCS-A) conducted between 2001 and 2004 showed that 73.8% of adolescents with ADHD had used services in the past year and that the most likely setting for mental health treatment was in schools (54.5%). 36 Such variations in medical treatment of ADHD, due to different diagnostic and treatment practices for medication and psychological treatments for ADHD 20, 23 and parent preferences, may have in part explained the provincial variations observed.
Given that close to three-quarters of individuals with ADHD are prescribed drugs, 9, 12, 13 one can assume that individuals would eventually consult a physician for a prescription, but it is not clear that the correct diagnosis will be attached to that consultation or what effect the black box warnings 1,2 will have on prescription patterns. Youth in Ontario with ADHD are up to 18 times more likely to also present with anxiety and depression and 13 times and close to 4 times more likely to be prescribed an antipsychotic and antidepressant. 12 This may lead physicians to code visits with diagnoses for which these medications are primarily indicated for in some cases. In this study, we only considered primary diagnoses, and therefore the prevalence and incidence rates may be underestimated. While previous reports have suggested that adding additional diagnoses to the case definition have only a negligible impact on estimates, 5 this has been demonstrated primarily for more prevalent disorders such as mood or anxiety disorders, which can be diagnosed across the life span. 6 Other work using administrative data for conditions diagnosed primarily in childhood (e.g., developmental disabilities) suggest that these conditions are not always captured in the main diagnostic field. 37 Furthermore, the fact that the case definition required one diagnosis code may have led to an overestimation if the physician visit was to evaluate the presence of ADHD and not a diagnosis rendered. One should also consider that the overall prevalence and incidence of ADHD included children aged between 1 and 3 years. The clinical practice guidelines of the AAP, 33 however, refer to children 4 years old and older, as younger children often exhibit ADHD-related symptoms due to their developmental stage. Including these young children may have led to a slight underestimation of the overall rates. Last, we do not have any information on the prescription of psychostimulants.
In conclusion, in this universal health care system, the prevalence and incidence of diagnosed ADHD did not increase uniformly, between 1999 and 2012, across all 4 provinces in Canada. Our findings illustrate the utility of provincial administrative databases that form part of the CDSS in monitoring diagnosed ADHD. Further surveillance could help inform whether ADHD is under-or overdiagnosed, as well as possible health, quality of life, and social consequences.
